PROCESS AND APPARATUS FOR THE PRODUCTION OF A CYLINDRICAL 

COMPONENT OF GLASS 

Back groun d of the Invention 

The invention pertains to a process for the production of a cylindrical component of glass by 
feeding a glass composition to a heating zone, by softening the glass composition in the heating 
zone, by continuously deforming the softened glass composition into the component under 
creation of a deformation zone within which the softened glass composition is plastically deform 
able, and by determining the cross-sectional geometry of the component. 

The invention also pertains to an apparatus for implementing the process with a feed device, a 
heating device, and a take-off device, where the feed device continuously supplies a glass 
composition to the heating device, in which the glass composition is softened, and where the 
component is formed from the softened glass composition by means of the take-off device under 
creation of a deformation zone. 

A process and an apparatus of the general type in question are described in DE-A1 195 36 
960, A vertically oriented, tubular starting cylinder of quartz glass is supplied continuously by a 
feed device to a furnace, in which it is heated and softened zone by zone, starting from the 
bottom end. By the use of a take-off device, a tube is pulled off from the softened zone, the 
diameter of this tube being smaller than that of the starting cylinder. 

When the quartz glass tube is drawn, a so-called "drawing bulb" is formed between the 
starting cylinder and the tube. In the area of the drawing bulb, the quartz glass is plastically 
deformable. The lower end of the drawing bulb has the same cross-sectional dimension as that 
of the tube, except for a small difference caused essentially by the thermal expansion of the 


quartz glass. 

The outside diameter of the tube is measured below the drawing bulb. This measurement 
value is used to control the drawing parameters such as the furnace temperature and the drawing 
speed. 

To prevent deviations in the geometry of the tube and to ensure the dimensional accuracy of 
the drawn-off tube, it is necessary in the known apparatus to maintain, in the area of the drawing 
bulb, the most homogeneous possible temperature field, which, in the ideal case, is radially 
symmetric around the longitudinal axis of the tube. When there are problems with the 
homogeneity of the temperature field, such as those which can be caused by, for example, 
O measurement devices in the furnace area or maladjustments of the longitudinal axis of the tube 
Of with respect to the axis of symmetry of the temperature field, deviations from the ideal tube 
C] geometry are the unavoidable result. In particular, oval deformations are observed in practice in 

iji the case of tubes and rods which are circular in cross section. These deviations from the desired 

p cross-sectional geometry of the component have an interfering effect on the subsequent steps of 

fy processing, so that these components must be discarded or must be subjected to expensive 

reprocessing to make them conform to nominal dimensions. Therefore, an attempt is usually 

'%A 
-a 

made to ensure the most radially symmetric, homogeneous possible temperature field in the area 
of the drawing bulb by means of complicated and expensive furnace designs. 

Summary of the Invention 

The invention is therefore based on the task of providing a simple and cost-effective process 
which makes it possible to obtain a component with only slight deviations from the desired 
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cross-sectional geometry and to make available a suitable and flexible apparatus for achieving 
this end. 

With respect to the process according to the invention, the softened glass composition is 
locally heated or cooled in at least one deformation area, which extends over only a part of the 
circumference of the deformation zone, as a function of a determined deviation of the 
cross-sectional geometry from a nominal geometry of the component. 

By heating or cooling in the deformation zone, the viscosity of the glass is changed, and thus 
a controlled effect is exerted on the plastic deformation of the glass composition in the 
deformation zone. In the process according to the invention, the change in the viscosity and thus 
also the deformation of the glass composition differ from area to area as we proceed around the 
circumference of the deformation zone. This is achieved by heating or cooling a deformation 
area which extends over only a part of the circumference of the deformation zone. 

The term "deformation zone" is understood to mean the zone in which the glass composition 
is plastically deformable and in which, through cooling or heating, the geometry of the 
component can be influenced. In processes in which the component is drawn from the glass 
composition, the deformation zone takes on the form of a drawing bulb. In processes in which 
the component is formed by thickening the glass composition in the deformation zone, the 
deformation zone can assume some other shape. 

In a cross section perpendicular to the axis of the cylindrical component, the deformation 
area, at least one of which is present, extends over only a part of the circumference of the 
deformation zone. In the case of a deformation zone with a circular cross section, for example, 
the deformation area corresponds to an arc of a circle. By exerting local effects on the viscosity 
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a- nrocess according to the invention makes it possible to correct the 
in the deformation area, the process according 

cross-sectional geometry of ,he component without the need for tools. 

It is also possible fo, sever* delation areas to be distributed around the circumference of 
the deformation zone, hut in any case, as a result of the coding or heating in the deformation 
.ea overall the viscosity of the g.ass composition is affected in different ways as we pass 
around the circumference of the cross section in the deformation zone. I, must be remembered 

a,so have an effect on adjacent parts of the deformation zone, although these effects wtl. he 
obviously he weaker there. .. is therefore impossible to precisely define or easily to detect 
optically a boundary around the deformation area or areas. 

The deviation of the cross-sectionai geometry from the nominal geometry of the component 
can be determined while the component is being formed from the softened g,a,s composition, In 

durmg the further course of production. But is also posstble to achieve the desired 
cross-sectiona, geometry by the use of the process according , the invention only after the 
component has been produced and after the deviations in its cross-sectional geometry have been 
determined, in which case the glass composition of the component must be softened again. No 
mechanical reprocessing of the component is required in either procedure. 

The delation of the cross-sectiona, geometry from the nomina. geometry of the component 
canb.detennmedbydirec.measurem^^^ 

suitable dimension in the deformation zone, if 


zone, but it can also be determined by measuring ; 
this dimension can be correlated with the component's final geometry. 
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The essential point is that, in the process according to the invention, the requirements on the 
homogeneity of the temperature profile in the heating zone are relatively low. Unwanted 
viscosity changes caused by disturbances of the temperature profile in this zone can be easily 
compensated. Thus, under the assumption that such disturbances will inevitably occur, it is 
possible to use relatively simple and low-cost heating systems to soften the glass composition 
without being forced to accept any loss of the component's dimensional accuracy. 

The process according to the invention is independent of the concrete form of the cross 
section of the component. It is suitable, for example, for the production of tubes, rods, or fibers. 
A procedure is preferred in which a stream of gas is directed against the glass composition in 
Q the deformation area. The glass composition is thus cooled in the deformation area, and the 
i ' viscosity is thus locally increased. As a result, the cross-sectional form of the glass composition 
/I in the deformation zone is changed. A gas stream directed against the deformation area responds 
Li very quickly to control measures and can be set up relatively easily. 

P As an alternative to cooling, the glass composition can be locally heated in the deformation 

area to achieve a suitable shaping effect. Procedures in which the glass composition is heated by 
electrical heating elements, by means of a flame, or by means of a laser beam have all proven to 
be reliable. 

In an additional advantageous process variant, the glass composition in the deformation area 
is shielded by heat shields. Heat shields, which are easy to position, exert a cooling effect in the 
deformation area by preventing the thermal radiation coming from the hot furnace walls from 
reaching the deformation area. 

A procedure in which the deformation zone is locally heated or cooled in two opposite 
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deformation areas has proven to be especially reliable. This procedure is especially suitable for 
eliminating or reducing ovality in components with a circular or ring-shaped cross section. In the 
case that the deformation areas are to be cooled, these areas are located on extensions of the 
major axis of the oval; in the case that deformation areas are to be heated, they are located on the 
axis perpendicular to that. 

It is advantageous for the deformation area to be moved around the circumference of the 
deformation zone as a function of the change over time detected in the cross-sectional geometry 
of the component. This procedure is especially to be preferred when the component geometry is 
monitored and corrected during the production process itself and when, in the course thereof, 
changes are expected in the geometry of the component. 

It has turned out to be especially effective to determine the size and the form of the 
geometric deviation from the nominal geometry of the component and to use this information as 
a basis for the automatic control of the local heating or local cooling in the deformation area. 
The determined size of the deviation is used as a basis for the automatic control of the intensity 
of the heating or cooling of the deformation area, whereas the determined form of the deviation is 
use as a basis for the proper positioning of the deformation area. 

To produce a component with a circular or ring-shaped cross section, a procedure is 
preferred in which the diameter of the component is measured around its circumference, and the 
size and the location of the circular or ring-shaped deviation are determined from the maximum 
and minimum measurement values, the size being used for the quantitative control of the heating 
or cooling in the deformation area, the location being used for the control of the positioning of 
the deformation area. The maximum and the minimum diameters are determined by measuring 


the diameter around the entire circumference of the component; from these values, it is then 
possible to derive the size and location of any out-of-round deviations, especially an ovality. The 
size of the ovality affects the intensity of the cooling or heating of the glass composition in the 
deformation area. The location of the ovality deter mines the position of the deformation area or 
areas. 

A procedure in which a strand with a circular cross section is pulled from the softened glass 
composition, during which a deformation zone in the form of a drawing bulb, which tapers down 
in the drawing direction, is formed, has proven to be especially effective. 

The apparatus in accordance with the invention is provided with heating and/or cooling 
means, which act locally on at least one deformation area, which extends over only a part of the 
circumference of the deformation zone. 

As already explained in the description of the process according to the invention, the 
viscosity of the glass composition in the deformation area is locally affected by the heating 
and/or cooling means. The heating and/or cooling means act on the deformation area; to this 
end, they can also be a certain distance away from it. 

In a preferred embodiment, the cooling means consist of a gas nozzle. A stream of gas 
emerging from the gas nozzle acts on the deformation area. Gas nozzles of this type can be 
managed and installed very easily. 

In another preferred embodiment of the apparatus, the heating means can comprise either an 
electric heating element, a burner, or a laser. 

An apparatus in which the cooling means consist of a heat shield is especially easy to design. 

It is advantageous for the heating and/or cooling means to be designed as a pair of opposing 
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' elements. A device such as this is especially suitable for eliminating ovalities of components 
with a circular or ring-shaped cross section. It is has been found to be especially reliable for the 
cooling means to be designed as a pair of opposing gas nozzles. 

Alternatively, the cooling means can consist of a ring of nozzles arranged around the 
circumference of the deformation zone, in which the individual nozzles are designed for different 
gas throughputs. The gas through puts through the individual nozzles can be adjusted as a 
function of the size and location of the determined deviation of the component from the nominal 
geometry. 

An apparatus in which the heating or cooling means are installed inside the heating device 

can be designed very simply. 

Especially with the goal in mind of obtaining an apparatus with a high degree of flexibility, 
it has been found to be advantageous for the heating and/or cooling means to be movable in the 
direction of the longitudinal axis of the component and to be adjustable in the circumferential 
direction around the deformation zone. As a result of this movability, the position of the 
deformation area can be changed in the axial direction. Thus it is possible to change easily the 
intensity of the cooling or heating in the deformation zone. The adjustability in the 
circumferential direction makes it possible to adapt the location of the deformation area to 
changes in the position or form of a deviation of the component cross section from its nominal 
geometry. An embodiment of the apparatus is preferred in which the heating and/or cooling 
means are connected to an automatic control device, and in which the means in question are 
moved or adjusted as a function of an automatic control signal transmitted by the control device. 
Exemplary embodiments of the invention are shown in the drawing and explained in greater 
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detail below. 

Brief Descri ption of the Drawing 
Figure 1 is a schematic elevation view of an apparatus for drawing a rod from a cylinder by 
the use of gas purge lances for local cooling in the area of the drawing bulb; 

Figure 2 is a schematic cross section showing the gas purge lances in the apparatus 
according to Figure 1 in a cross section along line I-I, on an enlarged scale; 

Figure 3 is a schematic elevation view of an apparatus for drawing a rod from a cylinder 
using a ring of nozzles for local cooling in the area of the drawing bulb; and 

Figure 4 is a schematic cross section showing a ring of nozzles in the apparatus according 
to?Figure 3 in a cross section along line II-II, on an enlarged scale. 

Detailed Description of the Preferred Embodiments 
Referring to Figure 1, an electrically heated, tubular, vertically oriented furnace 1 encloses a 
furnace space 2 having an inside diameter of approximately 25 cm. 

A gas purge lance 4 extends from bottom 3 of the furnace into furnace space 2. Gas purge 
lance 4 has two gas nozzles 5 facing each other inside furnace space 2; these nozzles are 
connected outside furnace space 2 by way of a gas feed line 6 to a controllable flow meter device 
7. The components projecting into furnace space 2 such as gas nozzles 5 and gas feed line 6 
consist of heat-resistant material. 

Gas purge lance 4 is held by means of a positioning device 8. By means of positioning 
device 8, gas purge lance 4 can be shifted both in the vertical direction and also around 
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approximately 180° of a circle around center axis 11. Positioning device 8 is connected to an 

automatic control device 9. 

In the area below furnace space 2, a diameter measuring instrument 10 is provided, which 
can be pivoted around approximately 180° of a circle around center axis 11. 

The process according to the invention is described in greater detail below on the basis of 

Figure 1. 

By means of a feed device^^owif^rfig^, a quartz glass cylinder 12, held in a 
vertical orientation, is supplied continuously to furnace 1 from abov^Quartz glass cylinder 12 
has an outside diameter of approximately 15 cm. It is heated continuously in furnace space 2, 
beginning from the bottom end, to a temperature of approximately 2,200°C. By means of a 
I ^ake-off device^Wm^rgmc^ a rod 13 is drawn off continuously from the softened 

area of quartz glass cylinder 12; this rod has an outside diameter of approximately 3 cm.As rod 

13 is being drawn off, a deformation zone of softened quartz glass in the form of a drawing bulb 

14 develops between cylinder 12 and rod 13. In the area of drawing bulb 14, the softened quartz 
glass composition is plastically deformable. The location of gas nozzles 5 in the vertical 
direction is adjusted by means of positioning device 8 in such a way that they face each other in 
the area of drawing bulb 14. The distance between gas nozzles 5 and drawing bulb 14 is set at 

approximately 10 mm. 

The cross-sectional geometry of rod 13 is determined by means of diameter measuring 
instrument 10, which measures the outside diameter of rod 13 around its circumference. The 
value and the position of an out-of-round error or of an ovality of rod 13 is determined from the 
maximum and minimum values for the outside diameter. 
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As a function of the size of the roundness deviation, the stream of cooling gas 17 emerging 
through gas nozzles 5 is adjusted by means of flow rate meter 7. Flow rate meter 7 and gas 
nozzles 5 are designed for a cooling gas flow rate of 0-20 L/min. Nitrogen is used as the cooling 
gas. 

Simultaneously, the positioning of gas nozzles 5 around the circumference of drawing bulb 
14 is automatically controlled by control device 9 on the basis of the determined location of the 
smallest outside diameter of the rod. The automatic control is based on the fact that the geometry 
of drawing bulb 14 propagates itself into rod 13. For example, in the case of an ovality of the rod 
cross section, gas nozzles 5 will be positioned at the point of the smallest outside diameter of the 
rod. They are thus located on opposite sides of the bulb on extensions of the minor axis of the 
oval, projected onto the zone of drawing bulb 14. 

This positioning of the gas nozzles can also be seen in the cross-sectional illustration 
according to Figure 2. Drawing bulb 14 has an oval cross section with major axis 15 and a minor 
axis 16. Gas nozzles 5 are positioned so that cooling gas stream 17 is directed primarily along 
minor axis 16. By means of cooling gas stream 17, drawing bulb 14 is cooled in two opposite 
3| deformation areas 1 8, the locations of which are indicated schematically in Figure 2 by different 
types of shading in the edge areas of the oval. Thus the viscosity of the quartz glass is increased 
in deformation areas 18, and as a result, the ovality of drawing bulb 14 and thus the ovality of 
rod 13 is reduced or eliminated. 

The intensity of cooling gas stream 1 7 is adjusted by means of flow meter 7. By increasing 
the flow rate of cooling gas stream 17, the desired deformation in the area of drawing bulb 14 can 
be achieved more quickly and more strongly. After the temporary disturbance in the drawing 
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process has been corrected, cooling gas stream 17 can be turned off again. To compensate for 
permanent disturbances, such as those caused by an inhomogeneous temperature profile in 
furnace space 2, cooling gas stream 17 will be maintained continuously. 

Insofar as the same reference numbers used in Figures 3 and 4 are used in Figures 1 and 2, 
the components or parts of the apparatus according to the invention thus designated are the same 
or equivalent to those with the same reference numbers already explained on the basis of the 
embodiment according to Figures 1 and 2. 

In the case of the embodiment of the apparatus according to the invention shown in Figure 3, 
a nozzle ring 19 is provided instead of the gas purge lance. Nozzle ring 19 surrounds drawing 
bulb 14 with a distance of about 15 mm between the bulb and the ring. On the inside periphery 
of nozzle ring 19 are 8 nozzles 20 in all, distributed uniformly around the ring. These are aimed 
at drawing bulb 14, as can be seen in the cross-sectional vie\^ of gigurooally -with respect to its 
gas throughput. For this purpose, each nozzle 20 is provided with its own gas line 21, each line 
passing up and out through the top of furnace space 2. Each gas line 21 is connected to an 
automatically controlled gas flow meter 7. Of course, it would also be possible for gas lines 21 
to pass down and out through the bottom of furnace space 2. 

In the following, the process according to the invention is explained in greater detail on the 
basis of Figures 3 and 4. 

By means of a feed device (not shown in Figure 3), a quartz glass cylinder 12 held with a 
vertical orientation is supplied continuously to furnace 1 from above. Quartz glass cylinder 12 
has an outside diameter of approximately 15 cm. It is heated continuously, beginning from the 
bottom end, to a temperature of approximately 2,200°C in furnace space 2. By means of a 
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" take-off device (not shown in Figure 3), a rod 13 is pulled continuously from the softened area of 
quartz glass cylinder 12. This rod has an outside diameter of approximately 3 cm. As rod 13 is 
being drawn away, a deformation zone of softened quartz glass in the form of a drawing bulb 14 
develops between cylinder 12 and rod 13. In the area of drawing bulb 14, the softened quartz 
glass mass is plastically deformable. Supply speed, drawing speed, and drawing temperature are 
coordinated with each other in such as way that drawing bulb 14 forms in the area of nozzle ring 
19, or nozzle ring 19 is positioned approximately at the middle of drawing bulb 14. 

The cross-sectional geometry of rod 13 is determined by means of diameter measuring 
instrument 10, which measures the outside diameters of rod 13 all around its circumference. The 

Q size and the location of an out-of-round error or of an ovality of rod 13 is determined from the 

C? maximum and minimum values of the outside diameter. 

/I The gas throughput through the individual nozzles 20 is automatically controlled as a 

M function of the value of the roundness deviation by means of flow meter 7. Individual flow 

h meters 7 and nozzles 20 are designed for a cooling gas flow 17a, 17b of 0-20 L/min. Helium is 
j"U used as the cooling gas. 

sB At the same time, the ratio of the gas flow rates through the individual nozzles 20 with 

v.: 

respect to each other is determined on the basis of the detected position of the smallest outside 
diameter of the rod. If the cross section of the rod is oval, as illustrated in Figure 4, main cooling 
gas stream 17a is produced on the side of the rod where the largest outside diameter is found. 
In the area of drawing bulb 14, this corresponds to an extension of major axis 15 of the drawing 
bulb oval. If minor axis 16 is situated between two adjacent nozzles 20, the cooling gas stream is 
divided between these nozzles 20 in correspondence with the ratio of their distances from minor 
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axis 16. 

For example, drawing bulb 14 has an oval cross section, as can be seen in the cross-sectional 
view according to Figure 4. Main cooling gas stream 17a is thus directed along minor axis 16. 
In the exemplary embodiment, nozzles 20 which generate main cooling gas stream 17a are 
situated opposite each other, one on each side of the oval, on extensions of minor axis 16. A 
weaker, secondary cooling gas stream 17b is directed against the drawing bulb through adjacent 
nozzles 20, whereas no cooling gas at all is sent to the drawing bulb through nozzles 20 located 
on the extensions of major axis 15. 

Cooling gas streams 17a, 17b thus cool two opposite deformation areas 18a of drawing bulb 
14, the locations of which are indicated in Figure 2 by different types of shading in the edge 
areas of the oval. As a result of this cooling effect, the form change explained in detail on the 
basis of Figures 1 and 2 is brought about; this means that the ovality of rod 13 is eliminated 
ithout the use of tools. 
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